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Abstract 
Spray columns can potentially be utilized for absorbing CO2 from large point sources such as flue gas exhausted by power plants. 
Low gas phase pressure drop, and the lack of internals which are susceptible to corrosion, make spray columns well suited for 
aqueous amine absorption. Design practices for spray columns are highly empirical and application specific. There is a paucity of 
data on absorption of CO2 in aqueous amine sprays.  Mass transfer data for CO2-amine systems is required for robust design of 
spray columns. Further, the absorption efficiency of sprays is greatly influenced by the surface area of drops, which in turn 
depends on the droplet size distribution. However, experimental data for droplet size distributions inside aqueous amine sprays is 
non-existent. Measurement of droplet size distributions is critical in providing a fundamental insight into spray absorption. This 
work presents molar flux data coupled with droplet size distribution data for CO2 absorption into Monoethanolamine (MEA) 
spray. Both the molar flux measurements and the droplet size measurements are made inside a 0.2 m glass column. The droplet 
size distributions are measured using a Phase Doppler Interferometer (PDI). Further, a novel method is utilized to quantify the 
available surface area from the droplet size distribution measurements. The effect of MEA concentration on molar flux, droplet 
size, and surface area is presented. 
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Nomenclature 
A cross sectional area, m2 
Aplume cross sectional area of spray plume, m2 
L  solvent liquid rate, kmol/s 
NCO2 flux of CO2, kmol/s 
S surface area, m2 
V volume, m3 
Vspray total volume of liquid sprayed, m3 
 
Greek 
α solvent loading, mol CO2/ mol alkalinity 
αlean solvent loading before CO2 pickup, mol CO2/ mol alkalinity 
αrich solvent loading after CO2 pickup, mol CO2/ mol alkalinity 
 
Subscript 
AX axial plane 
MEA      Monoethanolamine 
i number of concentric circular zone 
1. Introduction 
Aqueous amine absorption and stripping is the most well established technology for post combustion CO2 capture 
[1]. High operating and capital costs render the absorption-stripping process impractical at present [1]. These high 
costs originate from the large amount of energy required to regenerate the solvent and the high pressure drop 
associated with packed or tray-ed columns [2, 3].  Spray columns are potential candidates for CO2 capture from large 
point sources. Spray columns offer the advantage of low gas phase pressure drop compared to packed columns [4].  
Further, the absence of column internals make spray columns less susceptible to corrosive action of amine solvents, 
thereby permitting use of higher solvent concentrations.  
In spite of being widely used in the chemical industry, spray absorption is poorly understood. Design practices are 
highly empirical and application specific. At present, there is a scarcity of reliable spray absorption data for CO2-
MEA system. Javed et. al. [5] have shown the utility of application specific absorption rates in sizing spray columns. 
Effect of increased solvent concentration on spray absorption rate needs to be ascertained. Zahra et. al. [6] estimate a 
12% reduction in reboiler duty using 11m MEA (40 wt%) instead of 7m MEA (30 wt%). Furthermore, experimental 
data on droplet size distributions for amine sprays in non-existent. No effort has been made to quantify available 
surface area from drop size measurements. Coupling of mass transfer data with droplet size data can help in robust 
design of spray columns, and offer insight into spray absorption, respectively. The present study is a step toward 
addressing this gap. 
2. Background 
Extensive research has been conducted on spray absorption of CO2 in NaOH [4, 5, 7, 8, 9, 10]. However, spray 
absorption of CO2 in to aqueous amine solvents has been scarcely investigated. Kuntz and Aroonwilas [11] 
investigated absorption of CO2 in multiple concentrations of MEA inside a small laboratory scale spray column. The 
effect of liquid rate, gas rate, and solvent loading on absorption rates was also studied. The absorption rates were 
measured in the spray zone without any wall flow. Further analysis of surface area effects to absorption was 
attempted without experimental measurement of drop size.  Koller et. al. [12] measured absorption rates of CO2 in 
30 wt% MEA in a pilot scale scrubbing assembly. High gas and liquid rates were employed to mimic absorption of 
CO2 from a large power plant.  Effect of L/G ratio, and nozzle type on the CO2 removal efficiency was elucidated. 
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However, no attempt to correlate absorption data with dropsize data was made. Thus, there is paucity of absorption 
data, and droplet size data for CO2-MEA system.  
3. Experimental Section 
3.1. Experimental set up 
The overall experimental set up shown in Figure 1 consists of 0.2032 m diameter, 3.7 m tall glass column, 0.06 
m3 feed and sump tanks, feed pump, spray nozzle, and a Infrared analyzer for total inorganic composition 
measurements.  A 1-dimensional Phase Doppler Interferometry (PDI) system (100 MD, Artium Technologies, USA) 
mounted on a manual optical rail system is used to measure drop size and velocity distributions at multiple locations 
inside the spray plume.  
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Fig. 1. Overall experimental setup 
3.1.1. Glass column 
The glass column made up of nine – QVF borosilicate glass sections, each 0.2032 m in diameter, and a height of 
0.3048 m, along with an additional sump and head section, is shown in Figure 2. Counter current gas is injected into 
the glass column by means of a glass tee. A chimney tray at the gas entrance limits gas liquid contact. The total gas 
flow rate to the column is quantified using a vortex flowmeter. The nozzle is held inside the glass column by means 
of a custom disc which also allows placement of the nozzle at the geometric center of the glass section. The solvent 
to be sprayed inside the glass column is pumped by means of a centrifugal pump, through a rotameter. The inlet 
nozzle supply pressure is measured directly before the solvent enters the column.  
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Fig. 2. Upper and lower sections of spray column [14] 
3.1.2. PDI system 
The PDI technique permits measurement of drop size and velocity simultaneously, based on the phase shift and 
frequency shift of refracted signals from drops [13]. The PDI system is configured to measure droplet velocity in the 
spray axial (vertical) direction (downward velocities: +ve; negative velocities: -ve). A custom eye-piece allows 
Phase Doppler measurements inside the glass column through dense wall flow [14].  
3.2. Chemicals 
0.015 m3 of unloaded, Monoethanolamine (MEA) solutions (30 wt% & 40 wt%) were prepared and charged to 
the feed tank before each run. Batches of 30 wt% MEA and 40 wt% MEA were made by mixing 9.28 kg of MEA 
(98 wt%, Acros Organics) with 10.71 kg of de-ionized water, and 12.4 kg of MEA (98 wt%, Acros Organics) with 
18.42 kg of de-ionized water, respectively. Indoor air spiked with pure CO2 from a bank of cylinders was made to 
flow counter-current to the sprayed liquid. The raw indoor air rate, and CO2 injection rate, was measured by means 
of a vortex meter, and mass flow meter, respectively.  
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3.3. Experimental conditions 
Table 1. Experimental conditions 
Temperature (⁰C) 30 
Liquid rate. 105 (m3/s) 7.56 
Gas velocity (m/s) 0.12 
Nozzle details BETE 1/8 MPL 0.30 N; Full cone; 60⁰ 
PDI axial location (m) 0.05  
PDI radial measurements .104 (m) 0, 12.7, 25.4 
4. Calculation 
4.1. Molar flux 
The molar flux of CO2 is determined using Equation 1. The CO2 liquid composition is measured at the start of the 
run and after attainment of steady state to calculate the flux of CO2. The solvent CO2 loading is determined from 
Total Inorganic Carbon (TIC) analysis [15, 16, 17].  
 
஼ܰைଶ ൌ ܮொ஺ሺߙ௥௜௖௛ െ ߙ௟௘௔௡ሻ                                                                                                                                  (1) 
4.2. Surface area 
Surface area in each axial plane is calculated based on the droplet size distribution data measured by the PDI at 
multiple radial points inside the spray plume. Similar to the work of Bade and Schick [18], the spray plume is 
divided into multiple concentric circular zones so that the radial points at which droplet size was measured lies 
within the limits of the zone as seen in Figure 3. It is assumed that the measured droplet size at each measurement 
point is representative of the droplet size across the entire concentric circular zone. 
X X X
i=n
 
Fig. 3. Concentric circular zones inside the spray plume. 
The volume of liquid sprayed passing through each zone is then computed under the assumption of uniform 
volume flux distribution (m3 of liquid sprayed /m2 cross sectional area). The volume of liquid sprayed through the 
entire plume equals the sum of the volume of liquids through each zone. The ratio of the volume / cross sectional 
area for each zone is the same.  
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The number count in the droplet size distribution at each radial location is corrected to match the volume of 
liquid passing through each zone. The surface area in each zone is then calculated based on the corrected count, and 
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the raw droplet diameter data. The total surface area in the entire axial plane is the sum of the surface area of each 
zone. 
஺ܵ௑ ൌ σ ௜ܵ                                                                                                                                                               (4) 
5. Results and Discussion 
Table 2 shows the molar flux of CO2 measured for two concentrations of MEA. The molar flux is seen to 
decrease with increasing concentration of MEA. The decrease in the molar transfer flux can be attributed to the 
viscosity increase of MEA which increases the diffusive resistance. The increase in drop size results in a decrease of 
the cumulative surface area of all the drops. 
Table 2. Absorption rate information for two amine concentrations. 
Concentration of MEA (wt %) 30 40 
CO2 rate (ft3/min) 1 1 
Air rate (ft3/min) 7 7 
Rich loading (mole CO2/ mole alkalinity) 0.1549 0.1008 
Lean loading (mole CO2/ mole alkalinity) 0 0 
NCO2 flux. 103 (kmol/s) 0.6 0.1 
 
To evaluate the contribution of cumulative surface area of all drops on measured flux, drop size measurements 
were made for the two concentrations of MEA. Figure 4 shows the radial variation of dropsize with concentration of 
MEA. The Sauter mean diameter was found to be larger for 40 wt% MEA at all three radial locations. The trend of 
increasing drop size with increasing concentration of MEA is a result of all the physical properties of the two 
concentrations.  
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Fig. 4. Radial variation of Sauter mean diameter as a function of MEA concentration. 
The cumulative surface area of all drops in an axial plane 0.05 m downstream of the nozzle tip for both the 
concentrations of MEA are shown in Figure 5. The surface area of 30 wt% MEA is greater than the surface area of 
40 wt% MEA in each corresponding zone. The planar cumulative surface area for 30 wt% MEA is marginally 
greater than the cumulative surface area for 40 wt% MEA. The cumulative drop surface area depends on the droplet 
size and count. In our surface area calculation procedure, the total drop count is back calculated to match the known 
volume of liquid passing through each concentric zone. The total drop count is calculated based on raw data. The 
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Sauter mean diameters presented in Figure 4 are based on the actual droplet size and count recorded by the PDI, 
whereas the cumulative planar surface areas presented in Figure 5 are calculated based on the corrected droplet 
count over the entire volume of liquid sprayed. 
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Fig. 5. Variation of planar surface area with MEA concentration. 
6. Conclusions 
The present study showcases the utility of coupling absorption data with droplet size distribution data to provide 
insight into spray absorption. Increasing concentration of MEA from 30 wt% to 40 wt% resulted in lowering of the 
CO2 molar flux. The Sauter mean diameter at all radial measurement points was found to be greater for 40 wt% 
MEA. The cumulative surface area of all drops in an axial plane was found to be marginally smaller for 40 wt% 
MEA, indicating that diffusive resistance due to increased viscosity may be the dominant factor in lowering the 
molar flux of CO2 into the solvent. Future work will utilize the techniques described in this paper to rigorously 
measure the overall mass transfer coefficients in sprays. 
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